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•20021 18838^ 
■PPPPPPPWP^ 

YcTpoiicTBo flJiH 3awTbi BOJiOKOHHhix jim HUM ot pa3pyiueHMH no,q 
.aeMCTBMeM Jia3epHoro M3JiyMeHMH 

HacTOHmee M3o6peTeHwe othocmtch k o6jiacTM jia3epHow tcxhmkm 

1A BOJIOKOHHOM OnTMKM M npOMbHUJieHHO npHMeHMMO B CMCTeMaX BOJIO- 
KOHHO-OnTM^eCKOM CBH3H, B Jia3epH0-B0J10K0HHMX yCTpOMCTBSX JJJIH 

o6pa6oTKM MaTepnajioB, a TaioKe b MewuMHe m .upyrnx o6jiacTHX, 
i\ae Mcnojib3yeTCH nepejia^a no bojiokohhbim CBeTOBo^aM onTMyecKoro 
M3Jiy^eHMH MomHocTbio nopHjiKa ojiHoro BaTTa w BblUie , 

B HacTOHmee Bp6MH nponcxoflMT npouecc pe3Koro yBejiM^eHMH 

CKOpOCTM nepefla^JM MH$OpMaUI4M B CMCTeMaX BOJlOKOHHO-OnTM^eCKOM 
CBH3M. 

yBeJiM^ieHMe ckopoctm nepefla^M MH$opMauMM no BOJioKOHHbiM cBe- 
TOBOflaM flejiaeT Heo6xoflMMbiM nepe^ayy 6oJibiiioro KOJiimecTBa ot- 
.aejibHbix KaHaJiOB no o^homy CBeTOBOfly, ncnojib3y;* MeTOfl cneK- 
TpajibHoro ynjioTHeHMH KaHaJiOB (b MHOCTpaHHofi JiMTepaType j^aHHbiM 
MeTOfl o6o3HayaeTCH KaK WDM-wavelength division multiplexing) . 
KpoMe Toro, cTaHOBMTCH Heo6xo^i4MbiM npMMeHeHwe onTM^ecKMX ycw- 

JIMTeJieM B BOJIOKOHHblX J1MHMHX CBH3M. 

Bo3pacTaHMe ^JMCJia nepe^aBaeMbix KaHaJiOB no o^homy cbbtobo- 
py, npMMeHeHwe onTM^ecKwx ycMJiMTejieii ( KaK 3p6weBbix bojiokohhux 

yCMJIM0?eJieM C BblCOKOM BblXOflHOM MOlUHOCTbK), TaK M paMaHOBCKMX 
BOJIOKOHHblX yCMJTMTeJieM ) , BBefleHIte B CBeTOBOfl M3Jiy^eHK[a HaKa^KM 

onTiiyecKMX ycMJiMTejiew y»;e ceiteac npwBOflMT k B03pacTaHMio cpe«- 




Hew moiuhocth onTwyecKoro M3JiyMeHMH b CBeTOBoae no ypoBHH no- 
pn^Ka o^Horo BaTTa . 

npM TO. KMX ypOBHHX MOIUHOCTM MO»eT MMeTb MeCTO HBJieHMe pa3~ 

pymeHMH bojiokohhhx CBeTOBO^OB nojx flewcTBMeM onTM^ecKoro i*3Jiy- 
TieHMH. B 3apy6e3KHofi TexHwyecKOM jiMTepaType flaHHoe HBjieHne b 
CBeTOBO^ax Ha ocHOBe KBapueBoro cTeKJia (a mmbhho TaKMe' CBeTO- 

BOJ^bl COCTaBJTHIOT OCHOBy COBpeMeHHblX BOJIOKOHHMX J1MHMM CBH3M ) 

o6o3HayaeTCfl icaic «catastrophic damage» (Kaa?acTpo$H^ecKoe pa3- 
pyineHMe) mjim «fuse effect» (3$$eKT njiaBJieHMH, 3$$eKT 6MK$opflO- 
Ba uiHypa) • fleiicTBMa?eJibHO r pa3pyuieHwe cBeTOBO.ua nofl ^ewcTBweM 
jia3epHoro M3Jiy^eHMH HanoMMHaeT ropeHMe orHenpoBO^Horo uiHypa. 

B paMKax HacTonmero onwcaHWfl mu 6y^eM cctuiaTbCH Ha 3to ab- 
jieHMe KaK Ha pacnpoca?paHeHMe fl03ByK0B0M (T.e. pacnpoco?paHHio- 
meftcH c fl03ByK0B0M ckopoctbio) BOJiHbi onTM^ecKoro pa3p^fla no 
CBeTOBO^y, y»ro oa?pa3KaeT $M3nqecKyK) npwpofly npowcxo^mMx npo- 

UeCCOB, 1/lJV/l r RJIR KpaTKOCTM , K3K Ha paCnpOCTpaHeHMe BOJIHbl onTM- 

qecKoro paspn^a. 

BnepBhie coo6meHwe o pa3pyuieHMM oflHOMOflOBtix CBeTOBo^OB nofl 
flewcTBMeM onTM^ecKoro M3Jiy^eHMH Shjio onySjiMKOBaHo b 1987 r. 
(cm. Raman Kashyap, Self-propelled self -focusing damage in 
optical fibers, Proc.Conf .Lasers' 87, Lake Tahoe, Nevada, Dec. 7- 
11, 1987, pp. 859-866- {CaMO^BM^cymeecH pa3pyiueHne b onTM^ecKMx 
bojiokohhhx CBeTOBOflax B03HMKaiomee KaK pe3yjibo?aT caMo$OKycwpoB- 

KM} ) . 




B .qaHHOM pa6oTe $aKTnqecKM 6buio npo^eMOHCTpMpoBaHO , ^to 
ecjiM no cBeTOBOjiy pacnpocTpaHneTCH jia3epHoe W3JiyMeHMe moioho- 

CTbKD nOpHJQKa 1 BaTTa, TO B03M0KH0 B03HHKH0BSHI4© BOJ1HM OnTM^e- 

CKoro pa3pn.ua, cm- Owr. 1, r^e noa no3.1 o6o3Ha^eH cbstobos f 
nofl no3. 2-o6jiacTb cBeveHMH njia3Mbi b BOJiHe onTM^ecKorp pa3pH«a, 
CTpejiKa no3.3 noKa3HBae'T HanpaBJieHMe BBOfla jia3epHoro M3Jiy^eHMH 
b cBeTOBO^, m CTpejiKa no3.4 noKa3braaeT HanpaBJieHMe ^BM^eHMfl 
BOJiHbi onTM^ecKoro paspn^a no cBeTOBO^y. Xoth aBTopti flaHHOM 
pa6oTM TpaKTOBajiw sto HBJiemie MHaye. BHeuiHe sto BbirjinjiHT KaK 
ABMKeHMe oSjiacTM npKoro Sejioro mjim roJiySoBaToro cBeneHMH (b 
BM^e MajieHbKofi «3Be3«o^KM») no cep^ueBMHe cBeTOBOfla, KOTopoe 
pacnpocrpaHHeTCH HaBCTpeyy jia3epHOMy M3Jiy^eHMK> co cKopocTbio 
nopnjiKa 1 m/c. OSjiacTB npicoro CBe^eHMH npeflCTaBjinea? co6oii 
o6jiacTb HM3KOTeMnepaTypHOM njia3Mbi. TeMnepaa?ypa «3Be3floqKM» 
oueHMBajiact> no cneKTpy ee cBe^eHMH (cm. D.P.Hand, 
P. St . J.Russel, Solitary thermal shock waves and optical damage 
in optical fibers :the fiber fuse. Optics Letters, Vol.13, N*9, 
pp. 767-769, 1988-{CojiM0?oHHbie TenJiOBbie y^apHbie bojihh m onTH^te- 
CKwe noBpeacaeHMH b onTM^ecKMX bojiokohhhx cBeTOBOflax: 3$$eicr 
BOJioKOHHoro 6wK$opflOBa (orHenpoBo^Horo) umypa}) ■ m oKa3ajiacb 
nopajuca 54 00°K. 

Ho 3TOT npouecc He B03HMKaeT cnoHTaHHO npw BBe^eHMM b cBe- 
T oBOfl yK33aHHOM Bbniie moiuhocth. fljriH MHMUwwpoBaHMH npouecca 
HeoSxoflMMo npn HajiM^MM b cBeTOBOfle M3Jiy^eHMH MomHocTbio nop^flKa 
BaTTa co3^aTb b 3tom CBeTOBo^e o6JiacTb noBbiineHHoro norJiomeHwn 




jia3epHoro M3JiyyeHM*, HanpHMep, nyTeM HarpeBa yxjacTKa cBeTOBO^a 
jjo ~1000°C (b 3jieKTpMMecKoii jctyre mjim c noMombio ropejirai) , HaHe- 
ceHMfl Ha Topeu cBeTOBOjia norjiomaiomero jia3epHoe M3Jiy^jeHMe Beme- 
cTBa f M3rw6a CBeTOBOfla c flocTaTO^HO MajiHM pawycoM. B yacTHO- 
ctm f npouecc pacnpocTpaHeHMH bojihm onTMyecKoro pa3pHAa MO^eT 

6HTb MHMUMMpOBaH npM npMKOCHOBeHMM BHXOflHOrO TOpua CBeTOBOfla 

(Topua, M3 KOToporo Bfaixo,m4T Jia3epHoe M3JiyMeHwe) k norjiomaiomei* 

CBST nOBepXHOCTM (B TOM ^JMCJie K MeTaJlJTMHeCKOM ) . 

OaKTMMecKM npn MHMUMMpoBaHMM npouecca b cep^ueBMHe cBeTO- 
Bo^a o6pa3yeTc« njiOTHan njia3Ma, KOTopafl, c o^hom ctopohu no- 
rjiomaeT M3Jiy^eHMe f pacnpocTpaHHiomeecH no cBeTOBOfly, a c jxpyvovi 
CTopoHH, 3a c^eT TenjionpoBOflHoc™ nepeaaea? oKpy^caiomuM xojiowhm 
cjiohm MaTepwajia TenjioByio SHeprwio - HarpeBaeMbie t3kmm o6pa30M 
oSnacTM cepweBMHH, Haxo^Hiuwec^ b nojie jia3epHoro M3Jiy^eHMH f 
Ha^MHaioT b cbok) oHepe^b norjiomaTb M3Jiy^eHMe. B stom vl 3aKjiio^a- 
eTCH MexaHM3M pacnpocTpaHeHMH onTM^ecKoro pa3pHAa no cepmeBM- 
H e CBeTOBo^a, KOTopuw aHajiorMMeH MexaHM3My pacnpocTpaHeHUH 
$poHTa MejtJieHHoro xMMM^ecKoro ropeHM^ b ra3ax w TBep^bix Tejiax 
(JI.fl.JIaHflay, E . M . JIw$ii»m . «rnflpoflHHaMHKa» r MocKBa, HayKa, 1986, 
tji.XIV, §128 Me^jieHHoe ropeHwe, CTp. 662-670) . 3^ecb cjiobo 
«MeflJieHHbiM» 03HayaeT «pacnpocTpaH«K)mMiicH c A03ByKOBofi cicopo- 

CTbK)». 

nocjie pacnpocTpaHeHMH BOJiHbi pa3pn.ua b cep^ueBMHe cBeTOBOfla 
b SojibuiMHCTBe cJiy^aeB o6pa3yiOTCH nojiocTM (mjtm ny3bipM) pa3Mepa- 

MM nopflflKa HeCKOJlbKMX MMKpOH , npM^eM nOJIOCTH MOryT $OpMMpOBaTb 




nepMOAM^ecKyio CTpyKTypy B,nojib cep^ueBMHbi cBeTOBO^a (cm. <Dwr. 
2 . ) . OopMMpoBaHwe tskmx nojiocTew noJiHOCTbio HapyuiaeT CBeTOBe,uy- 
mwe cBoftcTBa BOJioKOHHoro cBeTOBO^a. 

M3BeCTeH CnOCOB 3aiUMTbI BOJIOKOHHHX JIMHMM CBH3M OT nOJIHOrO 

pa3pyiueHMH npn bo3hmkhob©hi4m bojihu onTwyecKoro pa3pnfla b cBe- 
TOBO^e (cm. D.P.Hand, T.A.Birks «Single-mode tapers as * fibre 
fuse' damage circuit-breaker s»- {OflHOMOflOBue $okohu ksk ceTe- 
Bfaie npe^oxpaHMTejiKi ot noBpeameHwii (cBeTOBOflOB) M3-3a 3$$eK«ra 
BOJioKOHHoro 6MK$opflOBa ujHypa}— Electronics Letters, vol.25, 
No.l, pp. 33-34, 1989) . 

Cnoco6 3aKjiio^aeTCH b co3jiaHMM m Mcnojib30BaHi>iM cBoeo6pa3Hhix 
npeEOxpaHWTeJieii ot pacnpocTpaHeHMH BOJiHbi onTwqecKoro pa3pH.ua 
no BOJioKOHHbiM cBeTOBOflaM. M3BecTHO, yTo npouecc pa3pyuieHMH 
CBeTOBOfla noxs, aePioTBvieu M3Jiy^eHMH cymecTBeHHO 3aBMCMT ot mh- 

TeHCMBHOCTH Jia3epHOrO M3Jiy^eHMH B CBeTOBOfle. fljlH CHM^eHMH 

MHTeHCMBHOCTM jia3epHoro M3JiyyeHM« xoth 6bi Ha HeKOTopoM y^acTKe 

BOJIOKOHHOM JIMHMM CBH3H aBTOpbl npe^JIOKMJlM BBO^MTb B BOJlOKOHHyiO 

jimhmk) 0Tpe30K cBeTOBOfla c nepeTJDKKow , cm. Owr. 3, r^e no3.5 
o6o3Ha^eHa o6jiacTb nepeTMKM cBeTOBOfla, no3. 6-OTpaacaiomaH 060- 
jioMKa CBeTOBo^a, npeMMymecTBeHHO KBapueBan, 3auiTpMxoBaHa Ha 
$wr.3, nofl no3.7 o6o3Ha^eHa cepaueBMHa cBeTOBOfla, nofl no3.8- 
nyHKTMpHan jimhmh, noKa3UBaiomaH rpaHMUbi nojin mojdih jia3epHoro 
M3Jiy^eHMH b cBeTOBO^e w ero M3MeHeHMe c M3MeHeHMeM waMeTpa 
ceptfueBMHbi, nofl no3.9 o6o3HaqeHa oceBa* jimhmh cBeTOBO^a. KaK 

MOJKHO BM^eTb M3 $Mr.3 0Tpe30K CBeTOBOfla C nepeTHJKKOK HBJIHeTCH 




oo?pe3KOM CBeTOBOfla Ha HeKOTopoM yyacTKe KOTOporo AMaMeTp none- 
pe^Horo ceyeHMfl CBeTOBO^a MMeeT MeHbinyio BejiMHMHy, npwyeM npo- 
nopuwoHaJibHO yMeHbiueHU m Bee flpyrne pa3Mepbi, onnctiBaiomMe 
CTpyKTypy nonepe^Horo ce^eHMH cBeTOBojia, HanpMMep, flwaMeTp 
cepflueBMHbi CBeTOBOfla. nepeTHacKy Ha Q>yiv. 3 mokho paccMaTpi4Baa?b 
KaK coBOKynHOCTb flByx nocjietfOBaTe-rrbHO coejm4HeHHbix $okohob. ripw 
npoxo^weHMKi CBeTa Mepe3 o6jiac*b nepeTH^cKM M3MeHHeTCH (yBejiM^JM- 
saeTCfl) jyiaMeTp nojin mow b cBeTOBOfle, ^to npuBo^MT k CHroKeHwio 

MHTeHCMBHOCTM M3Jiyy©HMH npM SJiarOnpMHTHblX 06CT0HTeJIbCTBaX, 

k ocTaHOBKe npouecca pacnpocTpaHeHwn onTM^ecKoro paspn^a. {Tlon 
flwaMeTpoM noJiH mow (*jacro o6o3Ha^aeMyio KaK MFD-mode field 
diameter) b CBeTOBo^e Mbi no,apa3yMeBaeM o6h^ho Mcnojib3yeMyio b 
BOJioKOHHofi onTMKe BejiM^MHy f xapaKTepH3yK>myio nonepe^HHii pa3Mep 

npOCTpaHCTBeHHOM 06JiaCTM / 3aHHTOM nOJieM H3Jiy^eHMH B OflHOMO^O- 

bom CBeTOBO^e, KaK OHa onpe,uejitf ei-cn, HanpwMep, b KHMre G. 
Keiser. Optical Fiber Communications. (Third edition) McGraw 
Hill, pp. 63-64, 2000 and referencies in it) . 

KaK moecho BMfleTb Ha rpa$MKe Our. 5, i\ue npe^cTaBjieHa 3aBM- 
cMMOCTb, nojiy^eHHan SKcnepwMeHTaJibHO, nyreM M3MepeHMH 3aBMCM- 

MOCTM MMHMMaJIbHO HeoSXOflMMOM MOIItfiOCTW Jia3epHOTO M3Jiy^eHI4H B 

cepflueBMHe CBeTOBOfla jijih noflflep«aHMH pacnpocTpaHeHHH bojihei 
onTM^ecKoro pa3pn.ua pjin cBeTOBo^oB pa3JiM^Hbix TwnoB: «jih repMa- 
HaTHbix (T.e. cepweBMHa kotopmx co^epacMT b ochobhom Si02 w 
Ge0 2 ) m $oc$opHoro CBeTOBo.ua (T.e. cepjiueBMHa KOToporo co^ep^cMT 
b ochobhom Si0 2 m P2O5) . Uw$pbi y 3KcnepMMeHTaJibHbix TO^eK yKa3bi- 




BaioT Tun cBeTOBO^a: l-$oc$opocwJiMKaTHbiii CBeTOBOfl, 2-7 - repMa- 
HOCMjiMKaTHbie cBea?oBo^n>r. Upvi yBejiM^aeHMM waMeTpa nojin mo^m b 
cBeTOBO^e noporoBoe 3HayeHMe moiuhoctm jxjir noflflep»aHMH pacnpo- 
CTpaHeHMH onTM^ecKoro paspn^a B03pacTaeT. Ha stom ocHOBaHO 
flewcTBMe HaM6jiM^ca>iiiiero aHajiora. 

B pe3yJibTaTe noBpe^aeTCfl He bch bojiokohh3h jimhmh, a tojib- 

KO 0Tpe30K TO^KOM MHMUMMpOBaHMH 14 TO^KOM OCTaHOBKM BOJIHW 

pa3pn,na. no^epKHeM, ^to jjaHHbrfi MerroA, peajiM30BaHHbift b ycTpoii- 

CTBe, npMMeHMM TOJIbKO flJI* OAHOMOflOBHX CBeTOBOAOB, TaK KaK 
TOJIbKO B TaKMX CBeTOBOflaX CHraaeTCfl MHTeHCMBHOCTb M3Jiy^JeHMH 

npw BKJiio^eHMM b jimhmk) nepeTHKKM. TaKMM o6pa30M, c noMombio 
onwcaHHoro MeTO^a ocymecTBJiaeTCH ocraHOBKa He^ceJiaTeJibHbix npo- 
ueccoB, m 3amMmaeTCH ot pa3pyuiemiH Ta ^acTb jimhmm cbh3m, koto- 
pan jie^cMT Meacjiy yKa3aHHbiM oTpe3KOM BOJioKHa w mcto^hmkom Jia3ep- 
Horo M3Jiy^eHMH. 

OCHOBHHMI4 He^OCTaTKaMM flaHHOrO yCTpOMCTBa flJIH 3amMTbi bojio- 
KOHHblX JIMHMM CBH3M HBJTHIOTCH : 

a) b npe^Jio^ceHHOM ycTponcTBe HMeeT MecTO M3MeHeHwe napa- 
MerrpoB cepflueBMHbi CBeTOBo^a, ^to MoaeeT npwBecTM k aonojiHwrejib- 
HbiM noTepHM m MCKa^eHMio nojie3Horo cwrHajia, HanpwMep M3-3a 
HacTM^Horo ero oTpaaceHMH 

6) npw yBeJiw^eHMM moiuhoctm MHTeHCMBHOcTb HSJiy^eHMH b cepj}- 
ueBMHe cBeTOBO^a B03pacTaeT f b tom ^MCJie vl b o6jiacTM nepea?H»c- 
km, yTo npMBe^eT k npoxoaweHrao bojihu onTM^ecKoro pa3pn^a nepe3 




oSJiacTb nepeTHKKM 6e3 octshobkm . TaKMM o6pa30M, npn yBejiw^eHMM 

MOIUHOCTM M3Jiy^eHMH yCTpOMCTBO TepHeT CBOK) 3$$eKTMBHOCTb . 

K He.uocTaa?KaM flaHHoro ycTpowcTBa TaioKe othocwtch TexHOJio- 
mecKaH cjio*HOCTb ero M3roTOBjieHMH f 3aKJiio*jaiomattcfl b Heobxow- 
moctm njiaBJieHMH cBeTOBO^a h npeue3MOHHoro ero pacTraeHMH . 

B paMKax yKa3aHHoro onwcaHHH aBTophi bbo^ht pan onpejjejie- 
Hwii f KacaiomMXCH napaMeTpOB onTM^ecKoro BOJioKHa bjth ojiH03Ha^HO- 
ro noHMMaHMH cymecTBa 3aHBJieHHoro .TexHM^ecKoro pemeHMH. ABTopbi 
BBOflflT noHHTMe napaMeipa d nonepe^Horo ce^eHMfl cBeTOBO^a. 
Onpe^ejiMM stot napaMeTp d nonepe^Horo ce^eHMH paccMao?pMBaeMoro 
OTpe3Ka CBeTOBOfla KaK flwaMeTp oSojio^km M3 njiaBjieHoro KBapua 
CBeTOBO^a b paccMaTpwBaeMOM ceyeHMM, ecjiM cbstobojh oSjiajjaeT 
UMJiMH^pw^ecKOM cwMMeTpwen oTHOCMTejibHO ocm, m onpeaejiMM napa- 
MeTp d KaK yjjBoeHHoe MMHMMajibHoe paccTOHHMe ot reoMeTpw^ecKoro 
ueHTpa ceyeHM« cepweBMHu CBeTOBOfla «o rpaHMUbi KBapueBofi 060- 
jiomkh, ecJiM $opMa cBeTOBOfla He oSjiajiaeT UMjiMH^pM^ecKoii cmmmgt- 
pvievi (b cjiy^ae uHJiMHjqpMMecKoro cBeTOBOfla onpe^ejieHwe SToro 
napaMeo?pa coBna^aeT c onpe^ejieHMeM d, «aHHbiM Bbiuie KaK waMeTpa 

060JIO^KM CBeTOBOfla) . 

B cooTBeTCTBMM c BbiuieM3Jio»:eHHbns4 f 3a,ua*jefi HacToamero M30- 
6peTeHMH HBJineTCH oBecneyeHwe ycTpoiicTBa kjifl 3amwTbi BOJiOKOHHbix 
jimhmm ot pa3pyuieHMH bojihom onTM^ecKoro pa3pn.ua, pacnpocTpaHHio- 
merocH no CBeTOBOjgy non jjeftcTBueM jia3epHoro M3JiyHeHMH f KOTopoe 
npw yBejiM^eHMM moiuhoctm jia3epHoro M3jiy^eHMH b CBeTOBojge coxpa- 




HHJIO 6bl CBOK) 9$$eKTMBHOCTb, He BHOCH npM 3TOM ^OnOJIHMTeJIbHMX 

onTMyecKMX noTepb b bojiokohhyio jimhmio cbh3m. 

YKa3aHHbiM pe3yjibTaT flocTMraeTCfl 3a c^eT o6ecneyeHMfl yco?- 
poiicTBa fljiH 3amMTH bojiokohhom jimhmm ot pa3pyineHMH nojx jqewcTBM- 
eM jia3epHoro M3Jiy*jeHMH, co,uep:Kamero 0Tpe30K bojiokohhopo cbgto— 
BOfla, cep^ueBMHa KOTopbro MMeeT HeM3MeHHHM waMeTp no Bcew 
BJiMHe yKa3aHHoro OTpe3Ka, a o6ojio*JKa oo?pe3Ka BOJiOKOHHoro CBe- 
TOBO^a, no MeHbuiew Mepe, Ha ojjhom ytjacTKe ejimhom X > 10 -D yica- 
3aHHoro oTpe3Ka CBeTOBbfla MMeeT napaMea?p nonepe^Horo ce^eHM«, 
HaxoflflipMCH b flwana30He D < d < min(4D, 40 mkm), vne D - flwa- 

MeTp nOJIH MO^bl. 

Ilpw 3tom o6ojiOHKa CBeTOBO^a BbinojiHeHa M3 cTeKJia Ha ocHOBe 
njiaBjieHoro KBapua . 

KpoMe Toro, yKa3aHHbiM 0Tpe30K cBeTOBOfla c$opMMpoBaH Heno- 
cpeflCTBeHHO b 3amwmaeMOM bojiokohhom jimhmm. 

IlpM 3TOM, yKa3aHHbEM 0Tpe30K BOJIOKOHHOrO CBeTOBOfla flOnOJIHM- 

TejibHO BBOflMTCfl b cocraB 3amMmaeMoii bojiokohhom jimhmm, HanpM- 
Mep, c noMombio cBapKM mjim coe^MHeHMM c noMombio ono?M^ecKMX 
pas'beMOB. 

KpoMe Toro, yica3aHHbiM 0Tpe30K bojiokohhoto cBeTOBo^a Mo^ceT 
6HTb BunojiHeH UMJiMHBpM^ecKMM, cepflueBMHa KOToporo MMeeT HeM3- 
MeHHWM ^MaMeTp no BceM tfjiMHe yicarbaHHoro OTpe3Ka f a waMeTp 
o6ojio*jkm oTpe3Ka BOJiOKOHHoro cBeTOBO^a, no MeHbiiieM Mepe, Ha 
oflHOM yyacTKe jjjimhom L > 10 >D yKa3aHHoro oTpe3Ka CBeTOBoaa 




HaxoflHTC* b flMana30He D < d < min(4Z>, 4 0 mkm) , r«e D - waMeTp 
nojiH mcoh. 

npM 3 TOM yKa3aHHbIM OTpe30K CBeTOBO^a UMJIMH^pM^eCKOM $OpMH 

Mo^ceT 6hiTb c$opMwpoBaH HenocpeflCTBeHHo b 3amHmaeMow bojjokohhom 

J1MHMM, M MO^eT flOnOJIHPITeJIb HO BBOflMTCH B cocfaB 3amnmaeMoii 
BOJIOKOHHOM JIVIHVLVL, HanpMMep, C nOMOIUblO CBapKM VUIVL COeflMHeHMM c 

noMOiubio onTMMecKMX pa3*beMOB. 

B yKa 3 aHHOM ycTpowcTBe peajiw3yeTCH coBepiueHHo apyroii $H3M- 
hgckvlPl MexaHM3M ocTaHOBKM pacnpocTpaHeHMH BOJiHbi onTM^ecKoro 
pa3pH,ija, a mmghho 3a c^eT c hmjkg hm h KOS^wiweHTa norjiomeHMH 
jia3epHoro M3Jiy^eHM^ b njia3Me onTM^ecKoro pa3pH.ua, pacnpocTpa- 
HHiomerocH no cep^ueBPiHe cBeTOBoca, npn CHwaceHMM njiOTHocTM stom 
ruia3Mbi. 

ABTopaMM 6buio o6HapyaceHo HBJieHMe ^e^opMauMM m fiance nojcnoro 
pa3pyuieHMH KBapueBOM o6ojio^km BOJioKOHHoro cBeTOBO^a nofl .aeiicT- 
BweM MexaHM^ecKoro vl TemiOBoro B03fleficTBMH njia3Mbi onTM^ecKoro 
pa3pn.ua, pacnpocTpaHHfomerocH no cBeTOBOfly nojx fleiicTBMeM 
jia3epHoro M3Jiy^eHMH . 

ripw HarpeBe BemecTBa cepjiueBMHbi b BOJiHe onTM^ecKoro pa3pn- 
na so ~5000K npw coxpaHeHMM HeM3MeHHUM oQ'beMe BemecTBa jgaBJie- 
HMe b oSjiacTH njia3Mbi flocTwraeT ~10 4 aTM. 

Ha noBepxHocTM KBapueBOM o6ojio^kh CTaH^apTHoro CBeTOBOfla 
rj/i aMe t p om 125 mkm TeMnepaTypa noBbHiiaeTCH Jinuib Ha 200-^300 K 
nocjie npoxo^eHMH onTMyecKoro paspnaa no cepweBMHe . noBepx- 
HOCTb cBeTOBo,aa npw stom Haxo^TCH npM BaBJieHMM 1 aTM, Ho, KaK 



M3BeCTHO M3 SKCnepMMeHTOB, MeXaHM^eCKaH npO^HOCTb CBeTOBOflOB 

Ha ocHOBe KBapueBoro CTeKJia flocTa-ro^HO BHcoKa m He jjonycicaeT 
pa3pymeHMH o6ojtomkm CBeTOBO^a npw t3kmx ycjiOBMHx, *ito b cbokd 
o^epejib co3^aeT ycjiobmh ajih pacnpocTpaHeHMH bojihh onTwyecKoro 
pa3pH,aa no CBeTOBOfly. 

Ecjih *:e Ha HeKOTopOM yqacTKe cBeTOBO.ua yjqajiwrb yacTb KBap- 
ueBofi o6ojio^km (HanpwMep, nyTeM jiOKajibHoro yMeHbuieHMH ee awa- 
MeTpa) r TaK *iTo6bi ocTaBuiancH ee yacTb nporpeBaJiacb njia3Mo£i 
bojihh onTM^ecKoro pa3pwa ro TeMnepaTypbi, npw KOTopoii no,E[ 
.neficTBHeM M36biTO^Horo ^aBJieHMH, co3flaBaeMoro njia3MOM, cTana 
B03Mo»Ha fle$opMaunH (pacuiMpeHwe, ^a^ce BnjioTb ,150 nojiHoro Mexa- 
HwyecKoro pa3pyuieHHH) oSojiovkm CBeTOBO^a, npwBOflHmaH k CHM^e- 
hmk) nJTOTHocTM njia3MH vi, KaK cjieacTBKte , k yMeHbuieHMio norjiomeHMH 
b Hew jia3epHoro M3Jiy^eHMH w cooTBeTCTByiomeMy CHMaceHnio SHepro- 
BHjieJieHMH, to pacnpocTpaHeHMe bojihh onTM^ecKoro pa3pn.ua npe- 

KpaTMTCH. 

npwHeM veM Bbime MomHocTb jia3epHoro wsJiy^eHM*, TeM Bwuie 
aaBJieHMe m TeMnepaTypa b njia3Me onTM^ecKoro pa3pH.ua m TeM 
6bi,CTpee npoM30M.neT pa3pyiueHMe cBeroBO^a c ocTaHOBKOM bojihm 
onTMyecKoro pa3pn.ua. TaKMM o6pa30M, npw noBbmieHMM MomHocTM 
jia3epHoro M3Jiy^ieHMH Ha^e^cHocTb npe^JiaraeMoro ycTpoMCTBa TOJibKO 
B03pacTaeT (b OTJiwywe ot HawSjiwacaMinero aHajiora) - Upvi yMeHbiiie- 
hmm flwaMeTpa kb apixe b om o6ojio^km cepjuueBMHa cBeTOBojia He M3Me- 
HneTCfl f hto o6ecneynBaeT Majioe B03MymeHwe napaMeTpoB bojthoboji- 
Horo KaHajia, onHTb ace b OTJiM^twe ot HaM6jiM»caMuiero aHajiora. 




Pa3Mephi yyacTKa cBeTOBojja c yMeHbiueHHHM waMeTpoM oOojio^km 

M3 KBapueBOrO CTeKJia 3a«aK)TCH M3 yCJIOBMH Heo6xOflI4MOM ^yBCTBM- 
TeJlbHOCTPI yCTpOMCTBa M Ma K CMMa Jl b HO nOTiyCTVSMOVl BeJTMtJMHbl BHOCM- 
MLIX MCKa^CeHMM B BOJIHOBOtfHbie CBOMCTBa CBeTOBOfla . 

ABTOpaMM 6bUIH BHnOJlHeHH HeCKOJlbKO CepMM SKCnepMMeHTOB flJIH 

onpeflejieHMfl bo3mo«hoctm ocTaHOBKM pacnpocTpaHeHMH BOJiHbi pa3pn- 
jja no CBeioBOfly. SKcnepwMeHTH npoBOflMJiMCb cjie^yioiipiM o6pa30M. 
yqacTOK cBeTOBO^a co ca?aH^apTHbiM waMeTpoM o6ojiohkm m3 KBapue- 
Boro co?eKJia 125 mkm nojtBeprajicH TpaBJieHMio b paciBope njiaBMKo- 
Boii KMonoTbi . B pe3yjibTaTe TpaBJieHMH flwaMeTp o6ojio^km yMeHbinaJi- 
ch, npwyeM ero KOHe^Hoe 3HaveHMe peryjiwpoBaJiocb BpeMeHeM «rpaB- 

JieHMH. IlOCJie 3TOPO B CBeTOBOfl C OtfHOM CTOpOHH BBOfllUIOCb I43Jiy- 

tjeHMe HenpepbiBHoro BOJioKOHHoro jia3epa bojih pa3JiM^Hofi moiuhoctm. 
y flpyroro KOHua CBeTOBO^a MHMUMwpoBajiacb BOJiHa onTM^ecKoro 
pa3pHfla f KOTopan pacnpocTpaHHJiacb no CBeTosofly HaBCTpe^y Jia- 
3epHOMy M3JiyHeHMK> m npoxowjia nepe3 yyacTOK c TpaBjieHoii KBap- 
ueBOM oSoJiOHKoii. B pa3JiMMHbix SKcnepwMeHTax Mcnojib30BajiKicb 
CBeTOBOflbi c pa3JiM^HHMM napaMeTpaMM cep^ueBMHbi, c pa3JiM^HbiMM 
3Ha^eHMHMM ^MaMeTpa KBapueBOM o6ojio^km b o6jiacTM TpaBJieHMH m 

BOJIOKOHHbie Jia3epbl C pa3JIH*iHHMfc[ flJIMHaMM BOJIH M3Jiy^eHMH (M3 pHtfa 

1.06, 1.24 m 1.48 mkm). B Ka^OM 3KcnepMMeHTe BOJiHa onTMyecKo- 
ro pa3pn^a mjim npoxo^MJia *aepe3 y^acTOK c .yMeHbmeHHbiM flwaMeTpoM 
BHeuiHen o6oJio^KM f mjim npouecc pacnpocTpaHeHMH npepHBajicH (cm. 
<J>wr.8 m <DMr.9). Ha $wr. 8 npe^cTaBJieHa $OTorpa$MH cpa6oTaBiuero 
ycrpoMCTBa flJiH 3amMTM BOJiOKOHHbix jimhmm CBH3M, peaJiM3yiomero 



onwcaHHhiM cnoco6, rae non no3.11 .o6o3Ha^eHH ny3bipM mjim nycro- 
tu, o6pa3yK>mwecH b oOjiacTw cepflueBUHti CBeTOBo^a nocjie npoxoJK- 
^eHMH bojihm onTM^ecKoro pa3pnjia. 3^ecb ohm mmsiot $opMy, otjim^- 
Hyrc> ot Ha6jnoflaeMOM Ha Owr.2. lion no3.12 o6o3HatjeHa oSjiacTb 
pa3pyineHMH KBapueBofi oSojto^km cBeTOBo.ua no,n aewcTBHeM .aaBJieHMH 
njia3Mbi b BOJiHe MejyieHHoro onTM^ecKoro pa3pH.ua. MaciirraO yica3aH- 
hom $oTorpa$MM cjie^iyKDmMM : BticoTa Our. 8 cootbstctbyst 65 mkm, 
mwpMHa - 250 mkm. JIa3epHoe .j*3JiyHeHj*e pacnpocTpaHHJiocb cJieBa 
HanpaBO . 

Ha $wr . 9 M3o6pa»ceHa $oa?orpa$MH ycTpofiCTBa jjjih 3amnTbi bojio- 

KOHHblX CBeTOBOflOB B OnTM^eCKMX JIMHMHX CBH3M OT pa3pynieHMH nOfl 

flewcTBMeM jia3epHoro MSJiy^eHMH corjiacHO w3o6peTeHi4io, non 
no3Mm4efi a — bmb ycrpoHCTBa no B036yweHMH bojihh onTMyecKoro 
pa3pH.ua b CBeTOBO,ue, non no3MU,Me{i b — bma ycTpoiiCTBa nocjie 
cpaSaTHBaHMH — nocjie ocTaHOBKM bojihbi onTM^ecKoro pa3pn.ua. 
OSJiacTb OCT3HOBKM o6Be.ueHa KpyacKOM. Cbstoboa npn cpa6aa?biBaHMM 
He pa3pyiumicH, b oTJin^we ot npe^cTaBJieHHoro Ha MacuiTa6 
M3o6pa»eHMH Ha $nr.9 no3MUi4H a h 6: Kaacuoe .uejiemie uiKaJibi Ha 
OMr.9,no3MUMH b, cooTBeTCTByeT 0.1 mm, Ha Owr . 9, no3MUMH c— 
yBejiw^eHHoe M3o6paKeHMe o6jiacTM> npM6jiM3MTeJibHO o6o3HaMeHHow 
OKpy^cHOCTbio Ha Our. 9, no3MUMM b. MacuiTa6: nojmaH uiwpMHa Ka^pa 
cooTBeTCTByeT 1 mm . Jla3epHoe M3Jiy^eHMe pacnpocTpaHHJiocb .cnpaBa 
HajieBO . 

HecMOTpH Ha 6ojibiuoe KOJiw^ecTBO napaMeTpoB, m3mbhhk)iumxch ot 
onuTa- k onHTy (KOHueHTpauwM pa3Jiw^Hbix npi^Mecefi b cepweBMHe, 



• # 

jjwaMeTp cepaueBMHw, pa3HOCTb noica3aTejiei* npeoioMJieHMH Mewy 
cepweBMHOPi m oSojio^kom, flJiMHa bojihu M3Jiy^eHi4H, jwaMeTp 060- 

JIO^JKM CBeTOBOfla B . 06jiaCTH TpaBJieHMH r MOmHOCTb M3Jiy^eHMH, BBe- 

fl eHHoro b CBeTOBOfl) nojiy^eHHHe pe3yjibTaTbi noKa3aj™, ^to npo- 
uecc octshobkm BOJiHbi onTwyecKoro pa3pH^a onpecejineTCH ■ waMeT- 

POM nOJIH MOflU M3Jiy^eHW* B CBeTOBOfle M flMaMeTpOM o6ojio^km CBe- 

TOBOfla b tom oOjiacTM, rae oh yMeHbiueH c noMomfcio TpaBJieHMH. 

A MMeHHo, BbinojiHeHHbie aBTopaMM 3KcnepMMeHTbi noKasajiw, ^to 
ocTaHOBKa bojihu onTM^ecKoro pa3pH.ua npw ee pacnpocTpaHeHMM no 
cBeTOBOfly c yMeHbiiieHHbiM ^waMeTpoM o6ojio^km (bnpejieJiMM stot 
jXMaMeTp K3K napaMeTp d nonepe^Horo ce^eHMH paccMaTpwBaeMoro 
OTpe3Ka CBeTOBo^a) npoMexoflMT b tom any*jae, ecjin napaMe-rp d 
o6ojiomkm cBeTOBOfla He npeBbniiae«r HanMeHbiuei* M3 bbjimhmh (4-D)m 
(40 mkm) f T.e. ecJiM d< min(4-D, 40 mkm) , iw D - juiaMeTp hojih 
MOflfai b oflHOMOflOBOM bojiokohhom cBeTOBOfle, no KOTopoMy pacnpo- 
CTpaHHeTC* Jia3epHoe M3Jiy^ceHMe (no yMeHbineHMH pa3MepoB o6ojio*j- 
km) . (B ypoBHe tsxhmkm no bojiokohhom onTMKe ^aHHan BeJiM^MHa 
xjacTo o6o3HaxjaeTCH KaK MFD-mode field diameter) . C apyron 
cropoHbi, flJiH orpaHMtjeHMfl pa3JiM^Horo po^a wcKaaceHHM, KOTopbie 
MoaceT BHocMTb TaKoe cyaeeHMe b KaHaji nepe.ua w M3Jiy^eHMH / Haw- 
MeHbiuee 3HayeHwe napaMeTpa d ^ojiecho 6biTb 6ojibiiie D (cm, <Dwr.4). 

KpoMe Toro, Te ace sKcnepwMeHra noKa3HBaioT (cm., Hanp., 
tor. 9), yTO flJiH ocTaHOBKM npouecca pacnpocTpaHeHMH bojihh 
onTMyecKoro pa3pn.ua HeoSxoflMMO, ya?o6bi flJiHHa ynacTKa CBeTOBO*a 




L. c yMeHbineHHbiM 3HayeHneM napaMeTpa d 6buia He MeHee 10 -D, to 
ecTb L > 10-D. 

Jinx, octshobkm BOjiHbi onTwyecKoro pa3pn;qa mo»cho wcnojib30BaTb 
m apyme $opMH nonepe^Horo ceyeHMH (oTJin^Hbie ot KpyroBoii ) 
CBeTOBOfla c yMeHbineHHbiMM pa3MepaMM oOojio^ikm. B TaKOM cjiy^iae 
napaMeTp d onpe^ejiKiM KaK y^BoeHHoe MMHMMaJibHoe paccTOHHwe ot 
reoMeTpwyecKoro ueHTpa ce^em** cepflueBMHbi cBeTOBOjja no rpaHMuti 
KBapueBow oSojio^km (b cjiy^ae umiMHspM^ecKoro cBeTOBojga onpe^e- 
jieHMe SToro napaMeTpa coBnaaaeT c onpe^ejieHMeM d, ^aHHMM Bfemie 
KaK flwaMeTpa oSojio^jkm cBeTOBO.ua b oOJiacTH cy»ceHi4H) . Ho no- 
CKOjibKy M3roTOBJieHi4e aKCMajibHo-CHMMeTpM^Hbix (pijim no^TM aKCM- 
aJibHO-CMMMeTpw^Hbix) BOJiOKOHHbix sineMeHTOB 3Ha^MTejibHo npome no 
TexHOJiorMM, to b KayecTBe npMMepOB paccMaTpMBaioTCH TOJibKO 

TaKMe KOHCTpyKUPlM. 

TaKMM o6pa30M f npe^JiaraeMoe ycTpowcTBO «jih 3ami4Tbi bojiokoh- 
hlix CBeTOBOflOB ot pa3pyuieHi/iH bojthom onTM^ecKoro pa3pn.ua npejg- 
CTaBJineT co6om 0Tpe30K BOJiOKOHHoro CBeTOBOfla, Ha HeKOTopoM 
y^iacTKe KOToporo ajtmhom L yMeHbineH napaMeTp d cBeTOBO.ua no 
BejiM"mMH f yKa3aHHbix Ha Our. 4 KaK 3auiTpMxoBaHHan o6jiacTb . npn 
3tom cepflueBMHa CBeTOBo.ua ocTaeTcn npaKTM^ecKM HeM3MeHeHHoii, a 

BHOCMMUe M3MeHeHMH B BOJIHOBOflHbie CBOMCTBa BOJIOKOHHOrO CBeTOBO- 
fla MMHMMajlbHblMM . 

B MTore 3amMTa bojiokohhom jimhmm nocTwraeTCH TeM, ^to 
b Hew pa3MemaioT f no MeHbiuew Mepe, ojxmh 0Tpe30K cBeTOBo.ua c 
M3MeHeHHOM $opMOM . nonepevHoro ceyeHM^, mjtm i/ismohfliot $opMy 




nonepe^Horo ceyeHMH HeKOToporo yyacTKa CBeTOBO^a b 3amwmaeMOM 

J1MHMI4 TaKMM o6pa30M, MTOSbl 

a) flwaMeTp cep^ueBMHbi CBeTOBO,ija ocTaBajica HeM3M6H6HHbiM 9 m 
6) napaMea?p d CBeTOBO^a b oOJiacTM M3MeH6HHoro nonepe^Horo 
ce^eHMH coco?aBJiHJi d ^ min(4-.D, 40 mkm) npw flJiMHe TaKow oSjiacTM 
£ > 10D. 

M3o6peTeHi4e no^cHneTCH Ha npMMepe npe«noMTMTejifaHoro Bapw- 
aHTa ero ocymecTBjieHMH co ccbuiKaMH Ha conpoBowTejibHHe **epTe- 
KM, npw stom oflMHaKOBbie sjieMeHTbi Ha $wrypax o6o3Ha^eHH ojihmmm 
m TeMM 3Ke iio3mumhmm . Ha ^epTeacax npe,ucTaBJieHO cjie^cyromee: 

Ha ^wr. 1 - npejjCTaBjieHa cxeMa pacnpocTpaHeHWH bojihbi onTM- 
yecKoro pa3pH.ua no CBeTOBOfly corjiacHO M3BecTHOMy ypoBHio TexHM- 

Ha $wr. 2 - npeacTaBJieHa $OTorpa$M« nepMowyecKOM crpyKTy- 
pbi ny3bipeM b cep^ueBMHe cBeTOBOfla (cBeTOBOj* LEAF, Corning) , 
o6pa30BaHHOM noA aeftcTBHeM i43Jiy^eHMH Nd:YAG Jia3epa c jjjtmhom 
BOJiHbi 1.06 mkm m MOiimocTbio 4.2 Bt . M3Jiy^ieHMe pacnpocTpaHHJiocb 
GJieBa HanpaBo. MacuiTaS : Kawoe aejieHwe uiKajibi — 10 mkm. 

Ha $wr. 3 - CxeMa, MJiJiiocTpMpyiomaH peajiM3auMio cnoco6a 3aum- 
tm cBeTOBOjia ot pa3pyuieHMH tior flewcTBMeM jia3epHoro n3Jiy*ieHMH 
corjiacHO M3BecTHOMy ypoBHio tgxhmkh • 

Ha $wr. 4. - npe^cTaBJieHU rpa$MKM, MJuiiocTpMpyiomMe 3Ha^eHMH 
^waMeTpa oSojio^jkm d M3 cTeicna Ha ocHOBe njiaBJieHoro KBapua, 

KOTOpHe oSeCne^JMBaiOT $yHKUMOHMpOBaHMe 3amMTHHX SJieMSHTOB CO- 




rjracHo M3o6peTeHMio b 3aBMCMMOCTM ot flwaMeTpa nojiH mo«u cbsto— 
BOjja (3aniTpwxoBaHHaH oSjiacTb) . 

Ha $nr. 5 — npe^CTaBJieHa 3aBMCMMOca?t>, nojiy^eHHan SKcnepw- 

MeHTaJlbHO / nyTeM M3MepeHMH 3aBMCMMOCTM MMHMMaJlbHO HeObXOflMMOM 

moiuhoctm jia3epHoro m 3 Jiy m e hm h b cep^ueBMHe .CBeTOBO^a ^jih non- 
jgepacaHMH pacnpocTpaHeHMH bojihu onTMMecKoro pa3pn.ua ajih CBeTo- 
bo^ob pa3JiM^Hhix TwnoB: repMaHaTHHx (T.e. cepsueBMHa koto- 

pHX COflepTOT B OCHOBHOM Si0 2 M Ge0 2 ) M $OC$OpHOrO CBeTOBOfla. 

Ha $wr. 6 - CxeMa, MJiJiK>CTpwpyiomaH npeOTaraeMoe ycTpoiicTBO 
fljiH 3amwTH CBeTOBO^a ot pa3pyuieHMH nop, ^eMCTBweM Jia3epHoro 
M3jiy^ieHMH corjiacHo HacTonmeMy M3o6peTeHMio. 

Ha $i*r . 7 — rtonepe^Hoe ce^teHwe npejuiaraeMoro ycTpowcTBa no 
jimhmm A— A (cm. (Dwr.6). 

Ha $nr. 8 — OoTorpa$MH cpa6o«raBuiero ycTpowcTBa ajih 3amwTbi 
BOJioKOHHbix jimhmm cbh3m, peajiM3yK>mero npeflJiaraeMbiw cnocoS, 
cooTBeTCTByeT 65 mkm, uiMpMHa - 250 mkm. JIa3epHoe M3Jiy^eHMe 
pacnpocTpaHHJiocb aneBa HanpaBO . 

Ha $wr . 9 — $oTorpa$MH ycTpoMCTBa ajir 3aiUMThi bojiokohhbix 
CBeTOBOflOB b onTM^ecKKix jimhmhx cbh3m ot pa3pyuieHMH nofl ^eiiCT- 
BweM jia3epHoro m 3 Jiy m e hm h corjiacHO i*3o6peTeHmo, r,ne nofl no3Muw- 
ew a - npe^CTaBjieH bm^ ycTpoMCTBa ,ao B036yweHMH bojihm onTM^e- 
CKoro pa3pnjDia b CBeTOBOfle, nop no3MUMeii b — bma ycTpoMCTBa 
noane cpa6aTHBaHMH — nocjie ocTaHOBKM bojihm onTM^ecKoro pa3pn- 
jxa, Ha no3MUKM c— npejicTaBjieHO yBejiw^eHHoe M3o6pa»ceHMe o6jiacTw, 
npM6jiM3MTejibHO o6o3HayeHHofl OKpy^cHocTbio Ha no3MUMM b. 




npM MHMUMwpoBaHMM onTwyecKoro pa3pH.ua b cBeTOBO^e oh r&vi- 
»eTCH HaBCTpeyy jia3epHOMy M3Jiy^eHHio (cm. <Dm:t.1), m npi* oo?cyT- 
ctbmm npen^TCTBMM Ha ero nyTM paspna npoitaeT Bee paccTOflHwe no 
CBeTOBOfly ro MCTOMHMKa M3Jiy"y©HMH . Ilocjie npoxoweHMH onTwyecKO- 
ro pa3pHAa onTM^ecKoe bojiokho TepneT cbom BOJiHOBOjjHbie CBoiicTBa 
M3-3a HapyineHMH cTpyKTypw cepflueBMHH cBeTOBoaa (cm. Owr.2) . 

Ha $wr. 6 npe^CTaBJieH b03M03khhm BapwaHT cxsmh ycTpoftcTBa 
js,jifi 3amwTH CBeTOBo^a ot pa3pyineHHH next jjeiiCTBMeM jia3epHoro 
M3Jiy^eHMH corjiacHO HacronmeMy n3o6peTeHroo. ycTpoiicTBo jujih 
3amnTH cBeTOBOfla npe^cTaBJineT coOoii 0Tpe30K CBeTOBOfla corjiacHo 
$nr.6, vrb no3Muweii 7 o6o3Ha^eHa cepflueBMHa CBeTOBO^a, no3Mun- 
eft 6-o6ojio^Ka CBeTOBo^a, no3MUMew 8 -nyHKTMpHbie jimhjim, noKa3H- 
Baiomwe nojioaceHMe nojin mo^bi b CBeTOBojje. PaccTOHHwe Mewy hmmm 
paBHO ^MaMeTpy nojiH MOjjbi jia3epHoro M3Jiy\ieHMH b cBeTOBo^e (D) . 
Uor no3MU,MeM 10 o6o3HayaeTC« yyacTOK BOJiOKOHHoro CBeTOBo^a c 
yMeHbineHHbiM flwaMeTpoM OTpa^caiomeii o6ojio^km. CeyeHne no jtmhmm A- 
A noKa3aHo Ha Our . 7 . 

yCTpOMCTBO BKJIIOxjaeTCH, HanpfclMep, C nOMOIUBIO CBapKM f b co- 
ct3b 3aiHMmaeMOM BOJIOKOHHOM JTMHHM M $yHKUMOHMpyeT CJie^yiOlUMM 

o6pa30M. ripn pacnpocTpaHeHMM bojihm onTOyecKoro pa3pH.ua no 
CBeTOBOjjy, K3K onwcaHO Bbime, b o6jiacTW cepflueBMHH no3.7 M3-3a 
BbicoKofi TeMnepaTypu B03HMKaK)T ^aBJieHMH nopn^Ka 10 4 aTMOc$ep . 
3Ta Bejiw^MHa 6jiM3Ka k npe,qejiy pa3pyuieHMH MaTepnajia CBeTOBo.ua, 
HarpeToro M3-3a TenJionpoBojuiocTM vi wsjiy^eHMH M3 oSjiacTw njia3MM 
ro TeMnepaTyp b HecKOJibKO cot rpa^ycoB, nosTOMy npw flocTaTo^Ho 




tohkom oSoJio^JKe CBeTOBo^a TaKoe .uaBJieHi/ie npHBOjwT k pa3pynieHwio 
CBeTOBo^a, na^eHPno .naBjiemiH b oSjiacTM cepaueBMHbi, pe3KOMy 
CHmeHMK) njiOTHOCTw- norvnomaiomeii jia3epHoe M3Jiy^eHMe njia3MM f 
cooTBeTCTByiomeMy cHMaceHHio norjiomemiH M3JiytjeHMH w, KaK cjie^cT- 
Bwe f ocTaHOBKe BOJiHbi onTM^ecKoro pa3pH,aa. 

TaKMM o6pa30M, b bojiokohhhx jimhmhx ycTaHaBjiMBaiOT r no MeHb- 
inefi Mepe, oamh 0Tpe30K CBeTOB6,na c yMeHbineHHOH TOJimMHOM KBap- 
ueBOM oSojto^km no3.6, npw stom coBepuieHHO He ^e$opMMpyH cep.n- 
ueBMHy no3.7 corjiacHo $nr.6. flaHHan onepauw^, c o^hom ctopohh, 
He bhocmt cymecTBeHHbix MCKa^ceHMii b KaHaji pacnpocTpaHeHMH cwr- 
Hajia (cepflueBMHa He fle$opM*ipyeTCH) , a c flpyrow - cnoco6 M3ro- 
TOBjieHMH TaKwx ycTpoHCTB npeflOxpaHeHMfl npocT : mojkho npocTHM 
XMMMyecKMM TpaBjieHweM yMeHbuiMTb flwaMeTp o6ojio*jkh CBeTOBOfla. 

PeaJTM30BaHHbIM BapMaHT yCTpOMCTBa RJlfi 3ami4TbI BOJIOKOHHHX 

CBeTOBOflOB ot pa3pyineHiiH nojx .newcTBMeM Jia3epHoro m 3 Jiy *j e hm h 
npe^CTaBJieH Ha $oTorpa$MM cDwr.9. Yctpomctbo npejjCTaBjiHeT co6om 

0Tpe3OK BOJIOKOHHOrO CBeTOBO^a C BMaMeTpOM nOJIH MO^bl 8 . 9 MKM, 

BHeuiHMM flwaMe^p KOToporo Ha HeKOTopoM OTpe3Ke (b flaHHOM cjiy^jae 
^jimhom okojto 1 mm) yMeHbiueH nya?eM TpaBJieHMH 3«roro OTpe3Ka b 
pacTBope kmcjioth HF. Jla3epHoe M3JiyMeHMe pacnpocTpaHHjiocb cnpa- 
Ba HajreBO. Ha Our. 9, no3Mij,MH a noKa3aHO ycTpoiicTBO p,o MOMeHTa 
cpa6aTbiBaHM^[ . M3Jiy^eHMe MomHocTbio no 5 Bo? npoxojjmio no HeMy 
SecnpenHTCTBeHHo. Ha Owr.9 non no3MUMeM b npe^CTaBJieH bma Toro 
ace ycTpowcTBa nocjie Toro, k3k BHe ero Sbuia WHMUMMpoBaHa BOJiHa 
onTM^ecKoro pa3pH.ua, KOTopan pacnpoca?paHHJiacb cjieBa HanpaBo no 




CBeTOBO,uy. TlocJie Toro, ksk BOJiHa .nocTMrjia tomkm cBeTOBOfla c 
j5PiaMeTpoM oOojiomkm okojio 30 mkm, ee pacnpocTpaHeHwe npeKpaTM- 
jiocb . MMHMMajibHbiM waMeTp CBeTOBOfla .3 ycTpowcTBe Ha 

COCTaBJlflJI 20 MKM . 

CjieBa ot ToyKM octshobkm (Ha <Dwr. 9, no3MUMH b . o6o3HayeHa 
KpyacKOM) HabjnoflaeTCH tot ace xapaKTep pa3pyineHMH cBeTOBO^a, KaK 
m cBeTOBO^a c HopMa Jib hum waMeTpoM KBapueBow oSojio^km - nepMo- 
flMyecKan nocjiej^OBaTejibHOCTb nycTOT b cepweBMHe CBeTOBOjqa. 
He3a^ojiro no to^km ocTaHOBKM pa3Mepu nycTOT yBejimjHBafOTCH, m 
npouecc pacnpocTpaHeHMH onTM^ecKoro pa3pn^a npeicpamaeTCH . 
Ilpw^eM ocTaHOBKa pacnpocTpaHeHMH pa3pn,aa conpoBO^aeTCH vljivl 
pacuiMpeHMeM yyacuKa CBeTOBOjja, KaK Ha <X>wr . 9 , no3MUMM b,c, hjim 
pa3pyuieHMeM CBeTOBO^a b TO^Ke ocTaHOBKM (Our. 8). 

YCTpOMCTBO RJia 3aiUMTb! BOJIOKOHHblX CBeTOBOflOB MO^eT 6bITb 

TaK^ce BbinojiHeHo nyTeM $opMMpoBaHMfl oTpe3Ka CBeTOBo^a c yMeHb- 
uieHHHM flwaMeTpoM KBapueBOM o6ojiomkm Henocpe^tCTBeHHo Ha CBeTO- 
BO^e BOJIOKOHHOM jiwhhw, 3amnTy KOTOpOM HeoSxojwMO ocymecTBMTb, 
a He Ha cneuwajibHOM oTpe3Ke CBeTOBo.ua, KOTopuft - 3aTeM BBapMBa- 
eTCH b 3amnmaeMyio BOJiOKOHHyio jimhmk?. B stom cjiy^ae oTna^aeT 

HeoSxO^MMOCTb npOBOflMTb ^OnOJIHMTeJIbHyK) CBapKy CBeTOBO,IJOB, ^TO 

npwBOWT k flonoJiHMTejibHbiM noTepHM H3JiyHeHMH b jihhhw, ho noflpa- 
3yMeBaeT M3roTOBJieHMe cooTBeTCTByiomMx cyaceHwft CBeTOBojjOB $aK- 
TM^ecKM b noJieBbix ycjioBMHx, mto MMeeT cbom OTpwuaTejibHbie cto- 

pOHbl. 




fljiH 3amHTbi npoTH^ceHHhix TejieKOMMyHMKauwoHHbix jimhmh Heo6xo- 
flMMO pacnoJiaraTB TaKMe 3anp4THbie yca?powcTBa nepwoflMqecKM b^ojib 
jimhmm / *n?o6bi b cjiy^ae HenpejjBMaeHHoro boshmkhobghmh bojihbi 
onTM^ecKoro pa3pHfla b TejieKOMMyHMKauwoHHOM ceTM Qhui BUBefleH M3 
CTpOH TOJIbKO OffJdH npoMeacyTOK. 

npejuiaraeMoe ycTpowcTBO moskgt wcnoJib30BaTbc^ b TejieKOMMy- 

HMKaUMOHHHX J1MHMHX a KOHKpeTHee ftflH 3aiUHTU CBeTOBOflOB 

ot pa3pymeHMH no^ ^eiicTBMeM jia3epHoro i*3JiyHeHHH. KpoMe Toro, 
ycTpowcTBa corJiacHO n3o6peTeHHH MoryT wcnoJib30BaTbCH b npouec- 
cax jia3epHofi o6pa6oTKM MaTepwajiOB, b jia3epHOM xMpyprMM vi .npy- 
rwx Me^uMHCKMx Jia3epHbix ycraHOBKax ajih 3amwTbi M3Jiy^aiomero 
Jia3epa. 
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OopMyjia M3o6peo?eHMH 



1 .YCTpOMCTBO JJJIH 3aiIU*TbI BOJIOKOHHOM JIMHMM OT pa3pyiUeHMH nOfl 

^eiicTBMeM jna3epHoro nsjiy^eHMH, cojuepaeamee oTpe30K bojiokohhopo 
CBeTOBOfla, cep^ueBMHa KOToporo MMeeT HeH3MeHHUM waMea?p no 
Bcefi flJiMHe yKa3aHHoro OTpe3Ka, a odoJiOHKa oTpe3Ka BOJiOKOHHoro 
CBeTOBo.ua, no MeHbuieii Mepe, Ha o^hom y^acTKe ajimhom L > 10 -D 
yKa3aHHoro oTpe3Ka CBeTOBo.ua MeeT napaMeTp d nonepe^Horo 
ce^eHMH, HaxoflHmMMCH b flwanasoHe D < d < min(4D, 40 mkm) , r,ue D 
- AMaMeTp nojiH mo^bi. 

2. YcTpowcTBO no n.l, OTJiM^aiomeec^ TeM, oto o6ojio^Ka CBe- 
TOBo^a BbinojiHeHa M3 cTeKJia Ha ocHOBe njiaBJienoro KBapua . 

3. YcTpoMCTBO no n.l, OTJimiaiomeecn TeM, mto yica3aHHbiM ot- 
pe30K CBeTOBo^a c$opMMpoBaH HenocpeflCTBeHHo b 3au^imaeMOM bojio- 

KOHHOM J1MHMM . 

4. ycTpoMCTBo no n.l, OTJiM^afomeecn TeM, ^to yKa3aHHbiii ot- 

pe30K BOJIOKOHHOrO CBeTOBOfla flOnOJIHMTeJlbHO BBOflMTCfl B COCTaB 

3aiuMiuaeMOM bojiokohhom jtmhmm, HanpwMep, c noMombio cBapKM vism 
coeflMHeHMM c noMombio onTM^ecKMx pa3-beMOB. 

5. YcTpoMCTBo no n.l, OTJiMMaiomeecn TeM, *jto yKa3aHHbM ot- 
pe30K BOJiOKOHHoro CBeTOBo.ua BbinojiHeH uMjiMHxipMMecKMM, cep^ueBM- 




Ha KOToporo MMeeT Hei43MeHHbiM awaMeTp no Bcew jyiMHe yKa3aHHoro 
oo?pe3Ka f a j^aMeTp d o6ojio^km oo?pe3Ka BOJiOKOHHoro CBeTOBO.ua, 
no MeHboiew Mepe, Ha oahom yyaco?Ke kjivlhovl L £ 10 -D yica3aHHoro 
OTpe3Ka CBeTOBo.ua HaxowTcn b flwana30He D < cL ^ min(4D, 40 
mkm) , vne D - waMeTp nojin mo^u. 

6. YcTpowcTBo no n.5, OTJiw^aiomeecH TeM, ^to yica3aHHbiM ot- 
pe30K cBeTOBo^a c^opMMpoBaH HenocpejotCTBeHHo b 3amnmaeMOM bojio- 

KOHHOM JIMHMM. 

7. ycTpoficTBo no n.5, oTJiM^aiomeecH TeM, ^to yKa3aHHtiM ot- 

pe30K BOJIOKOHHOrO CBeTOBOfla flOnOJlHMTeJIBHO BBO^MTCfl B COCTaB 

3amwmaeMOM bojiokohhom jihhmm, Hanprnep, c noMombio CBapKM mjim 
coe^MHeHMM c noMombio onTMyecKMx pas'teMOB. 
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M3o6peTeHwe othocmtch k o6jiacTM Jia3epHOM TexHMKM h bojio- 

KOHHOM OnTMKM. YCTpOMCTBO 3aiUMTH BOJIOKOHHOM JIMHMM OT pa3- 

pyineHMH nojj flewcTBMeM Jia3epHoro M3 jiyn e hmh npe^CTaBjineo? co6oii 
OTpesoK CBeTOBO^a, corjiacHo $Mr.6, r«e, noswiwei* 6 o6o3HayeHa 
o6ojio^Ka CBeTOBoaa, no3Munefi 7 o6o3Ha^eHa cep.rmeBHHa CBeTOBO- 
jia, no3Miwe£i 8 o6o3Ha^eabi nyHKTwpHue jimhmm, noica3biBaiomi4e nojio- 
aeeHwe nojiH mo^bi b CBeTOBo^e. PaccTOHHwe Meamy hmmm paBHo ana- 
MeTpy nojiH Mo^bi Jia3epHoro m 3 Jiy e hm h b cBeTOBoae (D) . rioa no3M- 
uneft 10 o6o3HaMae«rc* yyacTOK BOJioKOHHoro cBeTOBo^a c yMeHbiueH- 
HbiM jiwaMeTpoM oTpa^aiomen o6ojio^km. Yctpomctbo $yHKUMOHMpyeo? 
cJie^yioiWM o6pa30M f npw pacnpocTpaHeHMM bojihw onTM^ecKoro pa3pn- 
«a no CBeTOBcuy, b o6jiaca?M cepweBMHbi no3.7 M3-3a bhcokom 
TeMnepaa?ypbi B03HMKaiOT ^aBJieHMH nop^Ka 10 4 aTMoc$ep. 3 T a Bejin- 
yMHa 6jiM3Ka k npe^ejiy pa3pymeHMH MaTepwajia CBeTOBo^a m ocTa- 
HOBKe bojthh onTM^ecKoro pa3pH.ua, TaKMM o6pa30M, b bojiokohheix 
jimhmhx ycTaHaBJiHBaiOT f no MeHbiuew Mepe, owlh 0Tpe30K CBeTOBO^a 
c yMeHbmeHHOM tojiiumhom KBapueBOM o6ojio*jkki, npw stom coBepmeHHo 
He tfe^opMnpyn cep^eBMHy no3 . 7 . 



